The Late Devonian South Mountain Batholith is a very large (7000 km2) composite peraluminous granitoid complex situated within the Meguma Terrane of the northern Appalachians. It is made up of two suites of granodioritic to leucogranitic plutons emplaced at approximately 380-370 Ma during the Acadian Orogeny, i.e. during the collision of Gondwana with the eastern margin of North America. A significant geophysical and geological database makes the South Mountain Batholith a type example of a very large syntectonic batholith emplaced within a collisional orogen. Gravity models reveal the plutons have flat or gently dipping floors at approximately 7.0 km depth and aspect ratios >651. They are underlain by deeper (>10 km) elongate northeast-southwest-trending roots that may indicate magma feeder zones. Dyke transport of granitic magma and the progressive construction of plutons by sheet injections are supported by field observations and by mapping of the anisotropy of magnetic susceptibility at the pluton scale. The very narrow deformation aureole within the country rocks suggests lateral spreading of the plutons was not the main space creation mechanism during emplacement; space was mostly created by vertical displacements of country rocks. The data are consistent with a laccolithic model for syntectonic batholith assembly. The laccolithic plutons may have been emplaced at the base of the Meguma Supergroup metasedimentary rocks, suggesting a maximum thickness of approximately 7.0 km for the supracrustal rocks in the Meguma Terrane.
and eastern North America. The South Mountain Batholith 1 INTRODUC TION can thus be considered a type example of a syntectonic granite batholith emplaced within an active contractional orogen. A The South Mountain Batholith is one of the largest granitoid complexes in the Appalachian orogen, representing >7000 km2 large geophysical and structural geology database is now available for the South Mountain Batholith. Summarizing and of the bedrock geology in southern Nova Scotia (Fig. 1) . It includes two penecontemporaneous suites of plutons interpreting these data provides insights into the mechanisms by which very large syntectonic batholiths are assembled. (MacDonald et al. 1992) , an earlier granodioritic to monzogranitic suite (stage 1 plutons) and a slightly later monzogranitic
In this paper, geophysical and structural data bearing on the emplacement of the South Mountain Batholith are preto leucogranitic suite (stage 2 plutons). The batholith was emplaced within the upper crust of the Meguma Terrane in sented, including gravity models that show its 3-D shape, structural data from the wall rocks, and field observations and Late Devonian time. Recent analyses of the magmatic, ductile and brittle structures in the plutons indicate they were fabric maps from the plutons. The gravity models are the first published ones for the batholith, and the magmatic fabrics emplaced during the Acadian Orogeny Benn et al. 1997) , that is, during collision between Gondwana were mapped using the anisotropy of magnetic susceptibility sedimentary and volcanic rocks of the Annapolis Supergroup (Schenk 1995b) . The Meguma and Annapolis Supergoups were deformed and metamorphosed (greenschist to amphibolite grades) during the Devonian collision of the Gondwanan margin (Meguma Terrane) with the eastern margin of North America, represented by the previously accreted Avalon Terrane . The collisional event, referred to as the Acadian Orogeny, caused the development of northeast-southwest-trending, upright, shallowly plunging chevron folds, associated cleavage and shear zones within the Meguma and Annapolis Supergoups. The Acadian structural grain is highlighted by the shaded-relief magnetic anomalies ( Fig. 2 ) that correspond to the map traces of the folded Goldenville and Halifax formations. 40Ar/39Ar dates of whole rocks and mineral separates from the Meguma Supergroup suggest that Acadian cleavage development began no earlier than 410 Ma . Cleavage develop- of the transcurrent Cobequid-Chedabucto fault zone and studies of folding and faulting within the Meguma Terrane indicate that Acadian deformation is compatible with a dextral technique. The data are compatible with and support a model for assembly of the batholith as a composite syntectonic transpressive tectonic regime (Mawer & White 1987; Williams, Goodwin & Lafrance 1995) . Extension lineations (pressure complex made up of laccolithic plutons fed by magmas that were transported to the upper crust via elongate fracture shadows on pyrite crystals, elongate clasts) and boudinaged quartz veins within the Meguma Supergroup (personal obsernetworks or shear zones.
Emplacement of the South Mountain Batholith during vations; Williams et al. 1995; Culshaw & Liesa 1997 ) indicate a strong component of horizontal stretching associated with contractional tectonics in the Meguma Terrane indicates the emplacement and final shapes of syntectonic plutons and the Acadian deformation. Late Devonian peraluminous granite plutons that outcrop batholiths may depend on the crustal structures that develop during orogeny, since the structures may control both the in Nova Scotia are shown in Fig. 1 ; other plutons are likely to be present in the offshore extension of the Meguma Terrane transport and the emplacement of the magmas. If the emplacement of the laccolithic plutons was localized at the base of the (Jansa, Pe-Piper & Loncarevic 1993) . In the eastern Meguma, syntectonic emplacement of the plutons is shown by dextral Meguma Supergroup then the supracrustal rocks of the Meguma Terrane may be no more than approximately 7.0 km shearing of granites and their metamorphic aureoles (Mawer & Williams 1986 ). In the western Meguma Terrane, synthick under southern Nova Scotia.
Acadian emplacement of the South Mountain Batholith has been established by extensive mapping of magmatic and brittle 2 TECTONIC SETTING structures within the plutons Benn et al. 1997) . The crystallization ages are between 382 and 374 Ma The Meguma Terrane is situated in Nova Scotia, south of the Cobequid-Chedabucto fault zone that marks the boundary for a granodiorite sample from the South Mountain Batholith (U-Pb monazite, Keppie et al. 1993) , and between 373 and with the Avalon Terrane to the north (Fig. 1) (Keen et al. 1991) . The same seismic reflection data reveal the presence contemporaneous with widespread Au mineralization in the Meguma (Kontak et al. 1990) . Geobarometric data from the of an upper-crustal layer characterized by horizontal reflectivity, extending from ≤10 km depth to the top of the deep metamorphic aureole of the South Mountain Batholith show it was emplaced at 6-10 km depth (250-400 MPa, Raeside & crustal block. The reflective layer is interpreted to be the structural basement to the Meguma Terrane (Keen et al. 1991 ), Mahoney 1996 resulting upwelling of hot asthenosphere (Keppie & Dallmeyer (Fairbault 1908) . Emplacement-related deformation of the country rocks is evident in a narrow zone extending about 1995). In either case, the generation, extraction, transport and emplacement of huge volumes of peraluminous granitic magma 800-1400 m from the pluton contact. Approaching the pluton, the S 1 (Acadian) cleavage rotates from the regional N050°E within the Meguma Terrane occurred over a few million years in a continental collision environment.
trend towards parallelism with the granite contact, and within about 200 m of the contact the foliation is mylonitic. In this region, primary bedding (S 0 ) is transposed parallel to the 3 DEFORMATION IN THE COUNTRY mylonitic foliation, giving the composite S 0-1 fabric in Fig. 3 , ROCKS and a steeply plunging extension lineation (L 1 ) is developed. In thin section, the lineation is defined by pulled-apart biotite The emplacement of large intrusive complexes requires a great deal of space to be created locally by translations and straining crystals ( Fig. 4b ) and by quartz-filled pressure shadows attached to pyrite grains (Fig. 4c) . Boudinage of granitic dykes of the country rocks (Paterson & Fowler 1993) . The structures preserved in the deformation aureoles of plutons provide (Fig. 4a ) also indicates a steeply plunging maximum principal stretch. The transverse anticline-syncline pair (F t in Fig. 3 ) is evidence of emplacement mechanisms and of the time of emplacement with respect to regional tectonic events (Paterson clearly defined by mapping of S 0 from Kearney Lake northwest to Long Lake, and also by the outcrop pattern of the sedimen-& Tobisch 1988; Paterson, Vernon & Fowler 1991; Evans et al. 1997) . The deformation aureole around the South Mountain tary units that were defined for this study by subdivision of the Goldenville Formation. From Kearney Lake towards the Batholith has remained poorly documented, though emplacement-related strain in the form of margin-parallel 'transverse' southeast, the sedimentary units have been tectonically thinned, and the axial surface trace of the Acadian Birch Cove anticline folds in the country rocks had been mapped early in this century (Fairbault 1908) . Our field and microstructural investihas been folded. Very close to the pluton margin, intense anatexis and granite injection have occurred in the mylonitic gations reveal that large strains were concentrated in a narrow deformation aureole that can be studied where it outcrops at rocks (Fig. 4d) . The deformation aureole of the South Mountain Batholith the eastern end of the batholith. Fig. 3 is a detailed map, located in Fig. 2 , of the region outcrops discontinuously in a few areas like Fig. 3 , but inspection of the aeromagnetic map (Fig. 2) shows minor deflections where the transverse folds were previously documented occurred by ductile flow in the deformation aureole, as indiThe intense horizontal shortening and vertical stretching along cated by the steeply plunging extension lineations. Taken alone, the pluton margins indicate forceful emplacement and some the structures in the deformation aureole could be compatible lateral expansion of the plutons, and rule out passive stoping with ductile flow of the wall rocks along the margins of magma as the principal emplacement mechanism (Wright 1931).
diapirs (Bateman 1984; Cruden 1988) , or of in situ ballooning Evidence of stoping, granite injection and anatexis within the plutons (Guglielmo 1993) . In the following sections we discuss deformation aureole (e.g. Fig. 4d ) suggests that parts of it were evidence that the flattening and vertical flow in the deformation destroyed almost as soon as it was formed, and that the main aureole more likely resulted from the lateral spreading of role played by stoping was to efface some of the structural laccolithic intrusions, though lateral spreading was not the evidence of wall rock strain. main space creation mechanism for magma emplacement. Finite strains were not determined in the deformation aureole of the SMB because of a lack of strain markers but the narrowness of the aureole suggests that country rock strain in 4 GRAVITY MODELLING the map section is insufficient to account for emplacement of Gravity modelling has been used extensively in recent years to the entire batholith. This interpretation is consistent with strain estimates around a number of other plutons whose emplacedetermine the shapes of granitoid plutons at depth (Vigneresse 1988; Vigneresse 1995a; Aranguren et al. 1996; Lyons, Campbell tectonic regimes ( Vigneresse & Brun 1983; Vigneresse 1995b) . The reliability of the gravity method depends on several & Erikson 1996; Aranguren 1997). The 3-D shapes interpreted from the gravity models can be used to constrain the structural variables, including the distribution and accuracy of the gravity measurements, the magnitudes of density contrasts and the and tectonic controls on magma transport and emplacement because pluton shapes may be related to crustal structures and predominance of local or regional anomalies.
Gravity data over the South Mountain Batholith were maxima would be displaced relative to the mapped contacts. Only a few maxima fall within the areas of the constituent obtained from the National Gravity Data Base of the Geological Survey of Canada. The accuracy of the gravity plutons, indicating the gravity gradient is generally low inside the plutons, and therefore that the plutons have a relatively measurements is 1.0 mgal. Fig. 5(a) shows the station distribution, superposed on the Bouguer gravity field. The data homogeneous density and relatively uniform thickness. A uniform thickness for the plutons is also suggested by the coverage is regional, with stations spaced 5-8 km apart. This is determined to be sufficient to model the shape of the magnetic field; if the base of the plutons had significant topography their magnetic signatures would not be as flat as batholith since the regional gravity field clearly shows the position of the low-density plutons by significant negative in Fig. 2 . The 3-D shape of the batholith was estimated by forward anomalies, to −60 mgal (Fig. 5a ).
The fact that the gravity coverage is sufficient to map the modelling of the Bouguer gravity anomalies after removal of a regional field (Fig. 6a) . The mapped outlines of the plutons batholith is further illustrated in Fig. 5( b) , where the amplitude of the horizontal gradient of the gravity field is shown. Maxima (Fig. 2) were assumed to represent their horizontal shapes. An initial thickness for the entire batholith (approximately 7.0 km) in the horizontal gradient are generally associated with the location of density contrasts (Cordell & Grauch 1985 ; Blakely was calculated from the horizontal gravity gradient, independent of the actual density contrast at the contacts. This is & Simpson 1986), and in this case they follow the outline of the batholith quite closely. This is also an indication that the possible because the horizontal gradient over a single steep contact is bell-shaped, with a half-width that is a function of contacts between the batholith and the country rocks are fairly steep, since for shallowly dipping contacts the position of the the depth of the density contrast, i.e. the thickness of the slab. The straight line at 7 km depth in each profile indicates the initial depth estimate for the batholith used in the forward modelling procedure. Along profile C-C∞, the dashed line illustrates that a narrower and deeper root zone would also satisfy the gravity data.
The density contrasts for individual plutons were then adjusted communication). Finally, the shape of the batholith floor was adjusted in order to minimize further the misfit between the in order to obtain a closer match between the modelled and observed gravity anomalies. The density contrasts were calcuobserved and modelled gravity. This required the presence of elongate root zones extending to >10 km depth (Fig. 6b) . The lated using a background density for the country rocks of 2.73 g cm−3, and pluton densities falling within the range of exact shapes of the root zones are not well constrained by the gravity, but their total mass deficiency is (Fig. 6g) . measured values (see caption of Fig. 6; Hugh Miller, personal The calculated gravity field is shown in Fig. 6(c) and the K-feldspar megacrysts (Fig. 7a) and by mica crystals. The compositional layering has been attributed to in situ magmatic misfit between the observed and the modelled gravity is shown in Fig. 6(d) . Over the area of the batholith, the RMS misfit is differentiation processes such as gravity settling and flowage differentiation (Smith 1975; Clarke & Chatterjee 1988 ), but at 3.0 mgal. The most significant error underlies the northeastern root zone (Fig. 6d) , under the Salmontail pluton. The fact that least some of the layers represent sills (Abbott 1989) . This is confirmed by observations of sills that were fed by dykes that the residual error in this region is negative indicates that our estimate of the depth of the root zone is conservative. Another cross-cut the magmatic foliation and the earlier-formed layers in the host granite (Fig. 7b) . In the lower right-hand part of error occurs along the edges of the bay separating the Halifax and New Ross plutons. Here the negative error indicates that Fig. 7( b) , the host granite contains a horizontal foliation defined by feldspars. This fabric is cross-cut by a vertically the granitoids are continuous under the bay, consistent with the horizontal gradient in Fig. 5(b) . The increase in error zoned composite granitic dyke (left side of Fig. 7b ) made up of fine-grained pinkish leucogranite containing elongate darkalong the northern boundary of the batholith (Fig. 6d) is largely due to a gravity high parallel to the coastline (Fig. 5a) .
grey granitic enclaves, and grey monzogranite that contains a vertical megacryst foliation. The dyke is connected to a horiThat anomaly was not accounted for in the model because its origin is not presently constrained.
zontal sill, of the same composition but containing a horizontal foliation (upper right-hand part of Fig. 7b ). The model indicates that the batholith is a tabular body, with a thickness of approximately 7.0 km and a flat to gently
Other examples of granitic dykes that cross-cut horizontally foliated and layered granites are shown in Figs 7(c)-(e) . Fig. 7(c) sloping floor. To visualize better the shape of the batholith floor, four profiles were extracted from Fig. 6( b) . The aspect shows a 6.5 m wide, N085E-trending, steeply dipping composite granite dyke, or possibly a dyke swarm. The steep dip is ratios along the different profiles are always >651, and thus the batholith has a laccolithic shape (Fig. 6e) . Varying the highlighted in the photograph by the varying megacryst abundances across its width, which may have resulted from flowage density contrast in the models by ±15 per cent changes the pluton thicknesses by ±1 km. With regard to the thickness of differentiation (Barrière 1976). The dyke or dykes cross-cut the horizontal feldspar foliation in the host granites and can the South Mountain Batholith, it should be stressed that our models have only considered one sharp density contrast at its be followed over 20 m of topographic relief in the outcrop.
Figs 7(d) and (e) illustrate the cross-cutting relationships base, as opposed to a gradual change in density with depth. The plutons could also be modelled as thinner bodies, between granitic dykes and the earlier-formed compositional layering and magmatic foliation in the host granites. Fig. 7 (f ) underlain by a composite zone made up of low-density granitic intrusions and higher-density country rocks. For instance, is a close-up view of the upper contact of the dyke in Fig. 7(e) ; there, feldspar megacrysts overgrew the lobate contacts Collins & Sawyer (1996) have argued that granitoid plutons in the shallow crustal section of the Proterozoic Arunta Inlier, between the dyke and the host granites, indicating that the latter were perhaps partially molten, or at least still very hot Australia, are underlain by numerous granitic sheets emplaced along the shallowly dipping foliation at mid-crustal levels.
when the dyke was emplaced. The coarse-grained granitic dykes such as those shown in Fig. 7 are cross-cut by later The root zones in Fig. 6 ( b) may indicate feeder zones where magmas were supplied to the plutons. Then, their elongate generations of aplitic and pegmatitic dykes that were emplaced within fractures controlled by the Acadian transpressive stress shapes and their alignment parallel to the regional northeastsouthwest structural grain in the Meguma Terrane would be field Benn et al. 1997) . These outcrop-scale observations provide compelling arguconsistent with channelling of magmas through dykes emplaced along an important crustal structure, possibly a transcurrent ments that (1) dyking was an active and efficient mechanism for transporting granitic magma during construction of the shear zone in the middle to lower crust. Dykes could have been emplaced parallel to the shear zone fabric, at high angles South Mountain Batholith, and (2) the plutons were built up progressively by successive injections of magma sheets. The to the regional maximum compressive stress, by exploiting local dilational regions within shear zones or by magmatic presence of autoliths of foliated and layered granite within later granitic phases (Abbott 1989) supports this interpretation. wedging along the foliation planes when high magma pressures created locally tensile stresses (Clemens & Mawer 1992; Hutton Of course, it cannot be demonstrated that any of the granite dykes documented here would represent feeders for the plutons, 1992; Lucas & St-Onge 1995).
since direct observation of the pluton floors is impossible. However, the evidence for extensive dyking and sheeting during 5 MAGMATIC STRUCTURES batholith emplacement is consistent with the hypothesis that the root zones modelled from the gravity data represent granite The magmatic structures in the South Mountain Batholith provide further evidence to infer the tectonic and structural sheeted complexes. controls on pluton emplacement. In this section we present interpretations of magmatic structures that can be observed in 5.2 Magmatic fabrics: anisotropy of magnetic the field, and a summary of the pervasive magmatic fabrics that susceptibility were mapped using the anisotropy of magnetic susceptibility method.
The integration of magmatic fabric data with pluton emplacement studies requires that the fabrics be mapped at the pluton scale. This is often a difficult and impractical task using 5.1 Dykes and sills conventional field methods. The mineral preferred orientations may be weak, and the lineations are difficult to measure if the Compositional layering in the South Mountain Batholith is conspicuous in large, clean outcrops along the Atlantic coast, fabric-defining minerals are platy (micas) or tabular (feldspars), because the rocks seldom cleave on the foliation plane. The and is most often parallel to the pervasive foliation defined by anisotropy of magnetic susceptibility (AMS) method has sampling and measurement procedures, the statistical treatment of the data, the reproducibility of measurements and the proven to be the most efficient approach for the systematic measurement of magmatic fabric orientations in granitic plufull AMS data set are provided in Benn et al. (1997) . Here we present the results of a study of the magnetic mineralogy tons (Bouchez 1997). The fabrics may provide information on emplacement flow and magmatic strain during and following that contributes to the AMS fabrics, followed by a summary of the principal interpretations of the magnetic fabric data final emplacement.
The magmatic fabrics in the South Mountain Batholith which are crucial to understanding the pluton emplacement history. have been extensively mapped using the AMS technique. The Measurements of the hysteresis properties and isothermal remanent magnetization (IRM) acquisition curves were performed on several representative samples from the South Mountain Batholith at the Université d'Aix-Marseille III, in order to detect and identify trace ferromagnetic minerals and to obtain an estimate of K f , the ferromagnetic contribution to the susceptibility. Hysteresis properties were measured using an alternating-gradient force magnetometer (Micromag instrument). Fragments weighing between 20 and 30 mg were subjected to direct fields up to H=700 kA m−1, which was sufficient to saturate the ferromagnetic susceptibility. From the resulting hysteresis loops we were able to establish K P , the susceptibility due uniquely to the paramagnetic component (mostly biotite), and M s , the saturation magnetization. An estimate of K f in units of 10−6 SI was derived from the following relation, assuming that the ferromagnetic component is mainly due to magnetite:
where M sample is the measured saturation magnetization, M s mt is the saturation magnetization of pure magnetite (92 A m2 kg−1) and K mt is the susceptibility of magnetite. K mt is taken as 3.0 SI, and considered to be independent of grain size (Heider, Zitzelsberger & Fabian 1996) . This rather indirect method was preferred to the direct measurement of low-field susceptibility with the Micromag, quite difficult to perform with good precision ( Vlag, Rochette & Dekkers 1996) , and to measurement of fragment susceptibilities using a Kappabridge instrument, because of the small sizes of the fragments studied. Fig. 8(a) shows that all of the studied fragments have a minor ferromagnetic contribution to their susceptibility, limited in most cases to <10 per cent of the paramagnetic contribution. The measured low-field susceptibilities are largely dominated by paramagnetic biotite, the most abundant Fe-rich silicate mineral. On the basis of the typical IRM acquisition curves ( Fig. 8b and c, obtained using a JR5 spinner and a pulse magnetizer), the secondary oxide minerals are most likely to be single-domain and/or pseudo-single-domain magnetite (coercive force H c of 70-80 mT) and also some haematite since most samples did not reach saturation remanence in an applied field of 3 T.
Since the susceptibilities of the rocks are largely dominated by biotite, the orientations of the principal axes of the susceptibility ellipsoid (K 1 ≥K 2 ≥K 3 ) are interpreted to represent the orientations of the biotite fabric elements. The easy magnetization direction (K 1 ) is parallel to the lineation defined by the zone axis of the biotite crystals, while the hard magnetization direction (K 3 ) is perpendicular to the foliation. K 1 and K 3 are therefore referred to as the magnetic lineation and the pole to the magnetic foliation. Some locally anomalous magnetic fabrics may be caused by the presence of rare cordierite and tourmaline crystals (Rochette, Jackson & Aubourg 1992; Rochette et al. 1994) or by traces of the secondary ferromagnetic minerals (Rochette et al. 1992; Benn et al. 1993; Borradaile & Henry 1997; Benn et al. 1998) . maxima showing predominantly steeply and shallowly dipping orientations (Fig. 9a) , and the magnetic lineations have a strong northeast-southwest preferred orientation (Fig. 9b) that is parallel to the regional fold axes in the country rocks and perpendicular to regional Acadian shortening. The magnetic by mostly horizontal magmatic structures, and supports the interpretation of a sheeted structure in the batholith. The lineations are also perpendicular to late aplitic and pegmatitic dykes in the batholith, and are therefore parallel to the late widespread preservation of the horizontal fabrics in the stage 2 plutons suggests they underwent less tectonic strain while increments of stretching of the solidifying plutons. The magnetic fabric pattern in the stage 1 plutons is interpreted to be crystallizing than did the stage 1 plutons, although the Acadian tectonic signature of the biotite petrofabric is demonstrated by a signature of the Acadian tectonic strain that affected them during late stages of crystallization. The magnetic lineations the northeast-southwest lineations (Fig. 9b ). are clearly a tectonic fabric element, and demonstrate the syntectonic emplacement of the plutons. The girdle distribution 6 DISCUSSION of the foliation poles is the result of Acadian folding and shearing of the horizontally foliated and still partially molten On the basis mostly of magnetic fabric maps, Benn et al. (1997) proposed a model for the emplacement of the South Mountain granites, with the steeper foliations probably representing limbs of magmatic folds and magmatic shear zones. Some of the Batholith as a complex of syntectonic laccolithic intrusions. Benn et al. (1997) used the term laccolith in its generic sense, steeply dipping magnetic foliations may also be due to sampling for AMS measurements in vertical dykes, like those in Fig. 8(c) , to indicate plutons with broadly horizontal tabular shapes that are forcefully emplaced within space created predomithat were not recognized in the field because of poor outcrop conditions.
nantly by vertical displacements of country rocks (Corry 1988 ).
The gravity model presented here shows the constituent plutons In the stage 2 plutons, there is a predominantly horizontal magnetic foliation (Fig. 9a) . This is consistent with the shalof the batholith may have shallowly inward-dipping bottoms (Fig. 6) , contrary to the flat-bottomed profiles interpreted by lowly dipping foliation and layering observed locally in outcrop (Fig. 7a) . It suggests that the stage 2 plutons are characterized Benn et al. (1997) . This suggests the plutons may represent a particular class of laccoliths, referred to as lopoliths, whose aureole and the minor deflections of regional structures seen in Fig. 2 , and in the light of the gravity models and the profiles include inward-dipping floors, and roofs that are either convex or concave (Corry 1988) . magmatic structures discussed above, the high strains in the narrow deformation aureole most likely record some degree The formation of laccolithic intrusions involves the upward transport of magma from the source region along fracture of lateral spreading of laccolithic intrusions. Magma diapirism or emplacement solely by in situ ballooning would have networks or through localized zones of dilatancy in shear zones, and horizontal flow into the site of emplacement.
resulted in a much broader zone of deformation around the batholith (Paterson & Fowler 1993) . The steeply plunging Following initial sill intrusion, further growth of a laccolith is accommodated by uplift of its roof rocks, possibly accompanied lineations mapped in the mylonitic rocks of the deformation aureole are attributed to a stretching associated with norby pushing aside of the country rocks and by sagging of the intrusion's floor (Corry 1988; Cruden 1998 ). The combined theast-southwest shortening of the wall rocks by the spreading laccoliths, and concurrent northwest-southeast shortening geophysical and geological data sets presented here are consistent with and support this model by showing that the South related to regional tectonics. The computer modelling of Guglielmo (1993) predicts a similar strain pattern at the ends Mountain Batholith has the characteristics of a composite, syntectonic laccolithic complex.
of syntectonically expanding plutons.
The results and interpretations are consistent with the (1) The gravity profiles are consistent with the plutons having tabular shapes, with aspect ratios >651. The pluton growing recognition that plutons commonly have high horizontal/vertical aspect ratios (McCaffrey & Petford 1997 ) and floors are flat to gently sloping, and dip inwards near the margins.
that granitic magmas may be efficiently transported through the crust in dykes (Clemens & Mawer 1992; Petford et al. (2) The model shows linear elongate root zones underlying the batholith. The root zones are interpreted to represent 1993). It also provides an attractive alternative to magma diapir models that do not explain pluton emplacement within regions where magma feeder zones are concentrated. The concentration of feeder zones within elongate regions aligned shallow crustal levels (Marsh 1982; Weinberg 1996) . Petford (1996) pointed out that the assembly of large batholiths as parallel to the regional structural grain suggests that magma transport to the site of emplacement may have occurred laccolithic complexes can resolve the supposed 'space problem' for granite emplacement, and can also reconcile the rapid preferentially along a major Acadian shear zone. The modelled root zones may represent only the principal magma conduits ascent rates for granitic magmas in dykes with the rates of space-creating mechanisms, because space for laccoliths is since narrower ones would not be discernible because of the regional gravity coverage. The magma feeder zones would created mostly by vertical displacements of country rocks, including uplift of the Earth's surface. most likely be made up of numerous sheets, each at least several metres thick, since this is the minimum critical thickness Southern Nova Scotia is a region of subdued topographic relief, so the maps and field observations are confined to a for high-SiO 2 granitic magmas to ascend in dykes without freezing (Petford, Kerr & Lister 1993) .
narrow slice through the plutons. Comparison with laccolithic plutons whose walls and floors are exposed in regions of more (3) Direct field observations support the interpretation, based on gravity modelling, that the batholith is made up of pronounced topographic relief lends support to our interpretations. For example, the Chemehuevi pluton in California tabular bodies fed by dykes. The plutons have, at least locally, a visible layered structure at the outcrop scale. Much or all of (John 1988) and some Himalayan leucogranite plutons such as Manaslu (Guillot et al. 1993) and Gangotri (Scaillet et al. the layering is made up of sills, suggesting that the plutons were progressively built up of countless sheet-like intrusions 1995) have flat to gently dipping floors that are generally concordant with host rock structures, they are spatially associrepresenting periodic magma pulses. The observed sills are of the order of 1 m or less in thickness, but thicker sheets, not ated with shallowly dipping structural discontinuities (unconformities or shear zones) that may have controlled the level of evident at the outcrop scale, might also be present in the batholith. magma ponding (Clemens & Mawer 1992) , and they have volumes that are comparable to the constituent plutons of the (4) Mapping of fabrics using the AMS method shows that a predominantly horizontal magmatic foliation is widely preSouth Mountain Batholith. The floors of the Chemehuevi and Gangotri plutons are cross-cut by granitic dykes that are served in the stage 2 plutons, though it has been tectonically deformed in the magmatic state, mostly strongly in the slightly interpreted to represent feeder dykes (John 1988; Scaillet et al. 1995) . earlier stage 1 plutons. Since the magmatic foliation is generally parallel to the layering at the outcrop scale (Fig. 7a) , the The structural control on laccolith emplacement suggested by the above examples agrees with the results of analogue magnetic-foliation map suggests that the sheeted magmatic structure can be extrapolated to the pluton scale. The magmatic experiments (Roman-Berdiel, Gapais & Brun 1995) and magmastatic calculations (Hogan & Gilbert 1995) showing the foliations may record horizontal magma flow into the plutons, or crystal settling within individual sheets. Late in the crystallizimportant role of crustal rheological discontinuities in causing magmas to pond and form tabular intrusions. The rheological ation history, when the magmas contained about 55 per cent of crystals forming a stress-supporting solid framework discontinuities may correspond to the brittle-ductile transition (Hogan & Gilbert 1995; Vigneresse 1995b ), or to a soft layer ( Vigneresse, Barbey & Cuney 1996) , regional tectonic stresses resulted in the deformation of the fabric, and in development such as a mylonitic shear zone or sedimentary rocks overlying crystalline basement. The South Mountain Batholith crops out of the northeast-southwest-trending lineation.
(5) The documented deformation aureole shows that passive within metasedimentary rocks where the bedding is folded into upright chevron folds and the foliation is steeply dipping. The magmatic stoping was not the principal pluton emplacement mechanism. Considering the narrowness of the deformation prime candidates for the crustal discontinuity that would have caused magma ponding and batholith assembly would be the large syntectonic batholiths may be controlled by the crustal structures that develop during orogeny, rather than by the brittle-ductile transition and a structural discontinuity at the base of the Meguma supracrustal units. The latter possibility kinematics of the syn-emplacement tectonic regime. was preferred by Benn et al. (1997) because gneissic basement is exposed in central Nova Scotia, suggesting the base of the Meguma Supergroup is not likely to be more than a few ACKNOWLEDGMENTS kilometres below the surface. Magma emplacement may have The structural and magnetic fabric studies were financed been localized at the base of the Meguma Supergroup, with through Natural Sciences and Engineering Research Council the plutons then growing upwards into the overlying rocks.
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